The major aim of the study was to enhance the solubility and dissolution rate of entacapone by complexation with cyclodextrins (β-CD/HP β-CD). Further the selected cyclodextrin complexes are deigned to formulate oro-dispersible tablets (ODTs) using selected concentration of PEG 4000 as hydrophilic polymer and crospovidone as superdisintegrant. The phase solubility behavior of entacapone in presence of various concentrations of β-CD, HP β-CD, PEG 4000, PVP and Poloxamer 188 (0.25-5% w/v) was studied at 37 ± 2 o C. Gibbs free energy (∆G°t r ) values in negative, indicates the spontaneous nature of entacapone solubilization. From dissolution rate studies it was observed β-CD complexes were better over HP β-CD and are formulated to ODTs by direct compression method. Response surface modeling approach (2 3 full factorial design) was used for design, development and data interpretation. The responses of the design were analyzed using Design Expert 8.0.7.1 (Stat-Ease Inc., USA). The optimized formulation was selected on the basis of software analysis with an overall desirability factor. The optimized formulation showed disintegration time of 40-42s, friability of 0.55% and a release of more than 85% within 45 m. The physicochemical characterizations of inclusion complexes and the optimized tablet formulation were done by Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), differential scanning calorimetry (DSC), and X-ray diffraction (XRD).
INTRODUCTION
The aqueous solubility and permeability of drug(s) through biological membranes are the main physicochemical properties that limit the bioavailability of a new drug molecule. Various methods are proposed to enhance aqueous solubility of poorly soluble drugs that includes: chemical modifications (e.g., pro drugs or salt derivatives), physical modifications (e.g., solid dispersions, size reduction, loading on porous carriers, co crystals), alteration of solvent compositions (e.g., pH adjustment, use of co solvents, addition of surfactants), and use of carrier 20-04-2016 systems (e.g., cyclodextrins, micelles, liposomes). A simple and convenient solubilizing technique is the use of water-soluble cyclodextrins (CD) complexes. Among various approaches to improve solubility, inclusion complexation with cyclodextrins is a success ful approach to improve dissolution rate and bioavailability of biopharmaceutical classification scheme (BCS) class II/ class IV drugs. Cyclodextrins are pharmaceutical solubilizing excipients that have the ability to temporarily camouflage undesirable physicochemical properties and offer desired therapeutic and drugable properties. Cyclodextrins can enhance oral dose availability, drug stability and affect permeability through biological membranes under certain circumstances. 1 Cyclodextrins form a noncovalent dynamic inclusion complex in solution and help in solubilization of hydrophobic drugs. Cyclodextrins due to lipophilic interior and hydrophilic surface are capable of interacting with a number of guest molecules. Cyclodextrins and their derivatives have become popular excipients for increasing oral bioavailability of BCS class II and class IV drugs considering Fickian theory as well as the Noyes-Whiney relationship. 2, 3 Entacapone, (E)2cyano3 (3, 4dihydroxy5nitrophenyl ) N, Ndiethyl2propenamide is an addon to levodopa to treat Parkinson's disease and is a potent, specific and orally acting peripheral catechol-O-methyltransferase (COMT) inhibitor ( Figure 1 ). One 200 mg tablet is taken with each levodopa/dopa decarboxylase inhibitor dose. The maximum recommended dose is 200 mg ten times daily, i.e., 2000 mg of entacapone. Entacapone decreases the metabolic loss of levodopa to 3Ometh-yldopa (3OMD) by inhibiting the COMT enzyme. It can be considered as a drug with low solubility and permeability, therefore entacapone belongs to BCS class IV. Entacapone appears as yellow nonhygroscopic crystalline powder, practically insoluble in water and especially in low pH and solubility is slightly higher above pH 7, soluble or sparingly soluble in acetone, slightly soluble in anhydrous ethanol, exhibits polymorphism as per the available literature. A drug is administered orally, must first dissolve in gastric fluids before permeating the gastrointestinal (GI) membrane to reach blood. Hence, poor aqueous soluble drug (s) (i.e., solubility<1 mg/ml) typically exhibit dissolution rate limited absorption, thus showing sub optimal clinical efficacy and also few side effects.
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The dissolution study is important particularly for insoluble or lowsoluble drugs, where absorption is a dissolution rate limited process for BCS class II and class IV drugs. Drugs those do not release completely in the GIT shows limited bioavailability which results in wastage of a large portion of an oral dose and adds cost of therapy. Improvement of solubility in such case is an important and challenging objective to improve therapeutic efficacy. 9, 10 Inclusion complexation of drugs with CDs may improve stability, solubility and dissolution. Here, effect of hydroxypropylβcyclodextrins (HP βCD) on aqueous solubility hence dissolution rate of entacapone was studied and was found increased.
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So far, the solid state (IR, DSC, XRD and SEM) and solution state (spectral analysis, phase solubility and dissolution rate) characterization of entacapone comparing βCD and HP βCD is not reported. Hand tremor due to Parkinson's disease and swallowing difficulties at old age can be managed by formulating an orodispersible tablet (ODT) of entacapone. A rationale with design and development of ODTs considering statistical tool has reported, which can be feasible for formulation and production at large or industrial scale.
MATERIALS AND METHODS

Materials
Entacapone was obtained as a gift sample from M/s Aurobindo Pharmaceuticals (Hyderabad, India). The excipients such as βCD and HP βCD were received from Glenmark Pharmaceuticals, Mumbai, India. PEG 4000 and crospovidone was received from Colorcon Asia Pvt. Ltd., Verna, Goa, India. All other solvents and chemicals used in the study were of analytical grades.
METHODS
Preparation of inclusion complexes
Entacapone inclusion complexes of βCD and HP βCD were prepared by kneading technique at ratios of 1:0.25, 1:0.5 and 1:0.75 w/w by using ethanol and water at 1:1 v/v as solvent. The process parameters and operating levels are shown in Table 1 . Obtained inclusions were dried at 45 to 50 o C. The dried solid inclusions were sieved through 60 mesh sieve and stored in desiccators.
Phase solubility studies
Solubility determination of entacapone was done in triplicate according to the method of Higuchi and Connors by adding an excess of entacapone to various concentrations of βCD, HP βCD, PEG 4000, PVP and Poloxamer188 in water ranging from 0.25 to 5% w/v in screw capped glass vials. After 48 h of mixing in a water bath shaker (Remi Pvt Ltd, Mumbai), a definite volume was withdrawn and filtered through 0.45 micro meter polyvinylidene difluoride (PVDF) membrane (Sterlitech corporation, USA). Samples were analyzed by UVanalysis at 391 nm with suitable dilution, using Agilent Cary 60 UVVisible spectrophotometer. The saturation solubility of drug in distilled water without taking hydrophilic carriers was also determined. The Gibbs free energy values (∆G°t r ) for entacapone from water to different concentrations of carriers was determined from equation 1, the values are given under Table 2 .
Here, So Ss is the ratio of molar solubility of drug in aqueous solution of carriers to that of the water.
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IR Analysis
The IR spectra were obtained by using an FTIR spectro photometer (Shimadzu Corporation, Japan). Scans were obtained at a resolution of 2 cm , from 4000 to 400 cm -1
.
SEM Study
Surface characteristics of selected inclusions were evaluated from SEM study. The micrographs were recorded using scanning electron microscope (JEOL JSM6100, Japan).
Formulation of ODTs
The selected drugβCD inclusion complexes, PEG 4000, crospovidone and microcrystalline cellulose were passed through sieve no 60, mixed properly and lubricated with sodium lauryl sulphate. The powder blend is compressed to tablets (300 mg) using rotary tableting machine (Rimek mini press, Karnavati Engineering Ltd., India) employing 10 mm flat punches by direct compression. The batches were formulated using 2 3 factorial design using three independent variables X 1 , X 2 and X 3 . Where X 1 is the ratio of βCD and drug, X 2 is the amount of PEG 4000 and X 3 is the amount of crospovidone. Two levels for each factor were selected (1, +1) indicating low, and high values. Eight formulations were prepared and evaluated for pre and postcompression parameters. The design layout and composition of 2 3 factorial designs of entacapone ODT formulations are given in Table 3 and Table 4 respectively.
Precompression parameters
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Precompression parameters like angle of repose, bulk density, tapped density, Carr's consolidation index, and Hausner's ratio were evaluated for all formulation batches as per the official methods.
Postcompression parameters
Content uniformity test
For this test, twenty tablets were randomly selected, and assayed individually by UVVisible spectrophotometer at 391 nm. The required specification for this test is that uniformity of the dosage units should be within a range of 85115%.
Hardness
Hardness or crushing strength is the force required to break a tablet. This was measured using a tablet hardness tester (Electrolab, EH01P).
Friability test
Twenty tablets were weighed and tested using Roche friabilator, operated at 25 rpm for 4 m. The percentage of weight loss was calculated after dedusting, using the formula:
Where, W 1 and W 2 are the weight of tablets before and after test respectively.
In vitro disintegration test
For this test six tablets from each formulation were taken in 900 ml of distilled water at 37 ± 0.5 o C. The disintegration study was done in triplicate using USP disintegration test apparatus.
In vitro dissolution studies
The in vitro dissolution studies were conducted using 900 ml of phosphate buffer (pH 6.8) at 37 ± 0.5 o C at 50 rpm using USP dissolution apparatus type II (Paddle type). Aliquots were collected at specified intervals of time i.e., 5, 15, 25, 35, and 45 m, and analyzed at 391 nm. Cummu lative percent drug release was calculated. The study was done in triplicate (n= 3).
Factorial design
A statistical model incorporating interactive and polynomial terms was used to evaluate the responses:
Where, Y is the dependent variable and B 0 is the arithmetic mean response of the eight runs. B 1 , B 2 , B 12 , B 11 and B 22 are estimates of the true values of the coefficients. The main effects (X 1 and X 2 ) represent the average result of changing one factor at a time from its low to high value. The interaction term (X 1 X 2 ) shows how the response changes when two factors are simultaneously changed. The polynomial terms (X 21 and X 22 ) are included to investigate nonlinearity.
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Optimized formulation selection
Design Expert software 8.0.7.1 was used to select the best formulation. Optimized formulation was selected on the basis of software analysis in addition to overall desirability value. Individual desirability for each response is confirmed by using reported methods.
For a response to be minimized, the desirability function could be determined by using Equation 4.
Where, d 1 is the individual desirability of disintegration time, Y i represents the experimental result for each formu lation, and Y min and Y max represent the lowest and the highest value found during the experiment, respectively. The desirability function for the response to be maximized, could be determined by equation 5.
Where, d 2 is the individual desirability of hardness, d 3 is the individual desirability of in vitro drug release.
The overall desirability value (D) could be determined using equation 6 .
Differential scanning calorimetry (DSC)
Measurements were performed using a DSC4000 (Perkin Elmer, the Netherland) with a thermal analyzer. The process is operated at flow rate of nitrogen 20 ml/m, at a scanning rate of 10°C/m from 50 to 300 o C.
X-ray diffraction (XRD) analysis
Xray diffraction patterns of entacapone, βCD, PEG 4000, tablet formulation were analyzed using an Xray diffractometer (X'Pert pro, PAN analytical, Netherland) with Cu Kα radiation generated at 30 mA and 40 kV.
Photo stability studies
The photo stability study of methanolic solution of entacapone was conducted using the method as suggested by Ioele et al. The light degradation of entacapone was monitored by recording its absorption spectra in the wavelength range of 200500 nm in a 10 mm quartz cell on a Shimadzu UVVis spectrophotometer at the following conditions: scan speed-slow; time response 1s; spectral band 1 nm. 10 ml of methanolic solution (concentration: 20 µg/ml) was exposed to UV light. The samples were recorded just after preparation (t = 0) and at the time intervals of 5, 30, 60, 90, 120 and 180 m, after suitable dilution with methanol.
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RESULTS AND DISCUSSION
Solubility studies
Solubility experiments showed that the concentration of entacapone in water is notably affected by the presence of carriers. The aqueous solubility of entacapone was reported 80 μg/ml at pH≤5 and the solubility increases with increased pH. 11 At 5% w/v concentration of βCD and HP βCD under phase solubility study of entacapone, it was found significant increase. It has observed that hydrophilic carriers mainly interact with the drug molecules due to electrostatic bonds (i.e., iontoion, iontodipole, and dipoletodipole bonds), though other types of forces such as van der Waals forces and hydrogen bonds that can dominantly plays a vital role in the drugcarrier complexation. 21 The Gibbs free energy values (∆G°t r ) associated with the solubility of entacapone in presence of carrier(s) in negative indicates the spontaneous nature of the drug solubilization, shown under Table 2 .
Fourier-transform infrared spectroscopy
Entacapone shows a characteristic peak at 1604 cm 
Scanning electron microscopy (SEM)
Scanning electron micrographs for drug and inclusion complexes with βCD at different magnifications are illustrated under Figure 3 . Drug existed in crystalline particles. On the contrary, inclusion complexes appeared in the form of irregular particles in which the original morphology of both components disappeared and tiny aggregates of amorphous pieces of irregular size were present. Therefore the reduced particle size, increased surface area, and the close contact between the hydrophilic carriers and entacapone might be responsible for drug solubility in its complexes with βCD.
Precompression Parameters
The precompression parameters such as bulk density, tapped density, angle of repose, Hausner's ration, and Carr's index of final active blends were studied and the results of the studies (F1-F8) are given under Table 3 . The results of bulk density and tapped density were ranged from 0.253 to 0.367 and 0.316 to 0.452 g/cm 3 , respectively. The results of angle of repose were ranged from 24.4 to 29.6 and indicated good flow properties which were further supported by Carr's index (15.02 to 21.06).
Postcompression Parameters
The results of postcompression studies are given in Table 4 . All eight formulations were uniform in dimensions and exhibited content uniformity in the range from 99.13 ± 0.87 to 100.54 ± 0.87. The friability data of less than 1% were observed in all eight formulations and indicated sufficient resistance to abrasion. All the formulations passed weight variation test. The disintegration values less than 1m were observed in all formulations. The crospovidone has a significant impact on disintegration. This may be due to swelling, and causing the tablet to a burst apart. The less disintegration time of tablets may be critical to further dissolution of the drug. However, the disintegration characteristics are not favored at higher the concentration of PEG 4000. Higher concentration of PEG 4000 retarded the disintegration which may be due to increase in cohesive effect between the particles as well as increase in viscosity and therefore drug release was also retarded.
In vitro drug release studies
The in vitro drug release of all eight formulations (F1-F8) is shown under Figure 4 . The inclusion complexation and addition of crospovidone significantly enhanced the drug dissolution rate. The mechanisms for dissolution enhancement from inclusion complexes are many and not yet well understood. However, factors such as improved wettability, reduced aggregation and/ or agglomeration, increased effective surface area, loss of drug crystallinity, and solubilization effects associated with the carriers are assumed to be the main factors responsible for the results. 22 Addition of PEG 4000 observed to improve dissolution rate of drug in tablets. As the concentration of PEG 4000 increased, entacapone dissolution rate was increased. The wetting effect of tablet was higher due to hydrophilic properties of PEG 4000 and it increased surface available for dissolution by reducing interfacial tension between the hydrophobic drug and the dissolution medium.
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The kinetic model fitting are analyzed for drug and formulations. Pure drug ranked first order model fitting, indicating the drug dissolution is concentration dependent and occurs by dissolution or erosion controlled with n value of 0.695 (KP model) hence exhibits non Fickian diffusion. The formulations ranked in the order of HixsonCrowell cube root law > KorsemeyerPeppas > Higuchi (explains on drug release from polymer matrix) >First order > Zero order. Except for drug which exhibited first order and non Fickian diffusion, all the formulations showed Fickian diffusion.
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Factorial design
Hardness test
The parameter hardness can be described by the following model equation:
The model F value of 177.62 indicates the model is significant (P<0.0001). A correlation plot between actual and predicted values of hardness is shown in Figure 5 . The predicted R square of 0.9711 is in reasonable agreement with the adjusted R square of 0.99864. In this case X 1 , X 2 , X 1 X 2 , X 1 X 3 are significant model terms. Based on the polynomial equation positive sign of X 1 and X 2 showed agonistic effect on response. Out of two independent variables, X 1 had higher value of coefficient (2.85) compared to X 2 (0.083) which indicated that X 1 had prominent effect on Y 1 . Ratio of β CD and drug had a prominent role on hardness of tablet. Surface porosity of tablet was decreased with increasing the ratio of βCD and drug could be a major role for improvement of the hardness of tablet. In presence of PEG 4000 the hardness effect of tablet was further increased. The polynomial equation showed that hardness was increased from 3.5 ± 0.15 to 3.9 ± 0.21 with increased concentration of PEG 4000. It may be due to the higher mechanical firmness and therefore lower porosity leading to increase in hardness of tablet. The response surface plot showed the effect of PEG 4000 and crospovidone on hardness of tablets is shown in Figure 6 .
In vitro disintegration time (DT)
The parameter disintegration time can be described by the following model equation Figure 5 . The predicted R square of 1.000 is in reasonable agreement with the adjusted R square of 0.999. In this case X 1 , X 2 , X 3 , X 1 X 2 , X 1 X 3 , X 1 X 2 X 3 are significant model terms. The DT of tablets was found in the range from 34 ± 2.9 to 57 ± 1.6 sec. The polynomial equation indicated that DT was decreased with increasing in the concentration of crospovidone. This may function by drawing water into the tablet, swelling, and causing the tablet to burst apart. The less DT of tablets may be critical to subsequent dissolution of the drug. Basing on the polynomial equation X 1 and X 2 showed agonistic effect on response. Independent variable, X 1 showed much pronounced effect on Y 2 . The DT of the tablets was further increased with increasing the concentration of PEG 4000. This result could be related to the plastic nature of the PEG 4000 which, during compression could plasticize, soften, and partially fill the pores within the tablets, thus making their wettability properties poor. PEG 4000 also showed binding properties, while using more concentrations in tablets probably led to slower disintegration rate. The DT of tablets was increased with increasing the concentration of crospovidone; it may be due to viscous networks. The response surface plot demonstrated the effect of amount of βCD, PEG 4000 and crospovidone on DT is shown in Figure 6 . In vitro drug release: The parameter in vitro drug release can be described by the following model equation: % Drug dissolved (Y 3 ) = + 45.37500 + 11.
The model F value of 735.08 indicates the model is signi ficant (P < 0.0001). A correlation plot between actual and predicted values of in vitro drug release is shown in Figure 5 . The predicted R square of 0.9972 is in reasonable agreement with the adjusted R square of 0.9967. In this case X 1 , X 2 , X 3 , X 1 X 2 , X 1 X 3 , X 2 X 3 , X 1 X 2 X 3 are significant model terms. Based on the polynomial equation X 1 , X 2 and X 3 showed agonistic effect on response Y 3 . The X 1 with higher value of coefficient (11.0 as against to 1.02 with X 2 and 0.58 with X 3 ) showed much pronounced effect onY 3 .The in vitro dissolution of tablets was found in the range from 57 ± 2.9 to 85 ± 3.1%. The polynomial equation indicated that drug release was increased with increasing concentration of PEG 4000 and crospovidone. The enhancement of entacapone dissolution in presence of PEG 4000 can be attributed to the solubilization effect of the carrier and improved wettability/dispersibility of the drug upon administration. In fact, increasing the PEG 4000 concentration in formulations only to an optimum amount resulted in better drug dissolution and further increase in polymer concentration, does not show any additional improvement. This might be attributed to the viscous layer formed around the solid particles due to higher PEG 4000 concentration and therefore decreased the diffusion coefficient (based on Stokes Einstein equation) and lower drug dissolution. 14 Addition of crospovidone leads to fast disintegration of tablets providing increased surface area and hence the dissolution rate was found to be increased. ICs with βCD increased the dissolution rate, due to the formation of watersoluble inclusion complexes. It clearly indicates the interactions between the hydrophobic part of the drug and the apolar cavity causes dehydration of the hydrophobic drug molecule and its transfer into the cavity, thereby increasing the affinity towards water and hence increasing the dissolution 26 . These findings confirm that the addition of small amounts of PEG 4000 improves solubilizing and complexing ability of cyclodextrin which further related to increased release of drug in dissolution medium. Study signifies the use of PEG 4000 in combination with βCD for the formation of inclusion complexes. 27 Various response parameters and summary of regression analysis and ANOVA are shown in Table 5 . Three dimensional response surface methodology (RSM) plots for hardness, disintegration time, and in vitro drug release are shown under Figure 6 .
Validation of response surface method (RSM) results
Correlation plots between observed and predicted response variables shows linear relationship and is shown under Figure 5 . The linear correlation plots drawn between the predicted and observed responses demonstrated high value of R 2 for hardness ( 0.9920), disintegration time (1.000), and in vitro drug release (0.9981) indicating excellent goodness of fit (P<0.001). All checkpoint formulation exhibited > 90% experimental validity. Thus, the low magnitude of error and the significant values of R 2 in the current study indicated high prognostic ability of RSM.
Formulation optimization using the desirability function:
The principle of optimizing a pharmaceutical formulation is to find the levels of the variable that affect the chosen responses and determine the levels of the variable from which a robust product with high quality characteristics may be produced. The overall desirability function was calculated by using three responses and compared with the desirability plot. The formulation may be optimized based on an overall desirability function which was calculated using equations given under equations 46, and the results are shown in Table 4 . Here the three responses such as hardness, disintegration time and % drug dissolved were used to optimize the formulation and fitted into the desirability scale d 1 , d 2 and d 3 respectively. The results clearly indicate the formulation F4 with highest desirability value of 0.85, which was considered the batch fulfilling all the constraints favorable for preparation of entacapone tablets. A numerical optimization technique using the desirability approach as shown in Figure 7 and Figure 8 was employed to develop a new formulation with the desired responses. Upon the evaluation, the formulation composition with βCD concentration and the amount of PEG 4000 which fulfilled maximum requirements of an optimum formulation with desirability of 0.8605 was observed. The desirability results revealed that there was no significant difference between calculated value and observed value.
DSC study
The DSC thermograms of the drug, drugβCD inclusion complex and the formulation are shown in Figure 9 . There was a complete disappearance of the characteristic endothermic peaks of entacapone and βCD in the thermogram. This is attributed to the formation of a true inclusion complex. However, there was a sharp endothermic peak at about 61°C due to the melting of PEG 4000. The presence of this peak was expected due to the high ratio of PEG 4000 in this formulation and it is not expected that βCD would form an inclusion complex with PEG 4000. The cavity of βCD is too small to fit a large molecular weight substance such as PEG 4000. Considering these results, we can conclude the formation of an amorphous complex of entacapone and β-CD dispersed in the PEG 4000 matrix.
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X-ray diffraction study: The XRD patterns of drug, βCD, PEG 4000, and the formulation are shown in Figure 10 . The diffraction patterns of drug, βCD, and PEG 4000 revealed several high intensity peaks, indicative of their crystalline nature. From XRD study it was confirmed that the intensity of peaks of entacapone tablet was lower as compared to pure drug, βCD and PEG 4000. This indicates the formation of an amorphous complex of drug and βCD dispersed in PEG 4000. Photo stability studies: The spectral curves of the methanolic solution of entacapone (20 µg/ml) at the various times of UV exposure were recorded and there was no change on spectral curves at the end of 180 m. It clearly indicates entacapone did not isomerize during the irradiation process.
CONCLUSIONS
The solubility and dissolution rate of entacapone can be enhanced by formulating its ICs with βCD. Rapid dissolution of entacapone from the tablets formulated with PEG 4000 and crospovidone was seen. Design Expert software was used to optimize and response surface plots and contour plots were drawn, and optimum formulations were selected by desirability function. Polynomial mathematical models generated for various response variables using multiple regression analysis were found to be statistically significant (p<0.05). Formulation F4 was selected by the DesignExpert software which exhibited optimum hardness (3.8 ± 0.16 kg/cm 2 ), disintegration time (40 ± 2.3s), and in vitro drug release (85 ± 3.1 %) within 45 m is suitable for formulation development. With increased concentration of PEG 4000 up to optimum, entacapone dissolution rate was increased. The wetting effect of tablet was higher due to hydrophilic properties of PEG 4000 and it increased surface available for dissolution by reducing interfacial tension between the hydrophobic drug and the dissolution medium. As per coefficient of factorial design, βCD had prominent effect on percentage drug release. Combination of βCD and PEG 4000 into entacapone tablet exhibited synergistic effect on the responses. Such an approach can be exploited for improving the dissolution rate of other low water soluble drugs.
